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1. INTRODUCTION {#brb31494-sec-0005}
===============

Sciatica is a common chronic pain disorder, typically presenting as low back or gluteal pain that may radiate to one leg, with motor or sensory complaints (Peul et al., [2007](#brb31494-bib-0044){ref-type="ref"}; Valat, Genevay, Genevay, Marty, Rozenberg, & Koes, [2010](#brb31494-bib-0052){ref-type="ref"}). A measurement of the global burden of disease revealed that low back pain is the leading cause of daily disability, and sciatica is one of the most common variations of low back pain (Andersson, Pope, Frymoyer, & Snook, [1991](#brb31494-bib-0002){ref-type="ref"}; Murray & Lopez, [2013](#brb31494-bib-0042){ref-type="ref"}). The prevalence of sciatica varies from 1.6% up to 43% in the population aged 20 years and older, highlighting its ununified diagnostic criteria and complex manifestations (Deyo & Tsui‐Wu, [1987](#brb31494-bib-0015){ref-type="ref"}; Videman et al., [1984](#brb31494-bib-0054){ref-type="ref"}).

A systemic review and meta‐analysis of drugs for pain relief of sciatica reported that management of sciatica in primary care is still unclear (Pinto et al., [2012](#brb31494-bib-0045){ref-type="ref"}), and the effectiveness of physical therapy, bed rest, manipulation, or medication could not be concluded from previous literature (Luijsterburg et al., [2007](#brb31494-bib-0038){ref-type="ref"}). Network meta‐analyses comparing the clinical effectiveness of management strategies for sciatica demonstrate that for overall outcomes, there is a statistically significant improvement following disk surgery, epidural injections, nonopioid analgesia, manipulation, and acupuncture (Lewis et al., [2015](#brb31494-bib-0034){ref-type="ref"}).

Chronic pain is a complex negative experience that engages multiple regions of the brain (Apkarian, Baliki, Baliki, & Geha, [2009](#brb31494-bib-0003){ref-type="ref"}). Chronic sciatica is classified as either persistent or multiple acute recurrences (Atlas & Nardin, [2003](#brb31494-bib-0004){ref-type="ref"}). Therefore, pain‐induced disability may affect sciatica patients. The key pathway of pain indicates the transmission of nociception to our brain. Many functional magnetic resonance imaging (fMRI) studies have identified that chronic pain may cause changes in the brain (May, [2008](#brb31494-bib-0040){ref-type="ref"}).

A recent study indicated that the interaction between large‐scale brain networks could be dynamically changed in patients with chronic pain (Kucyi & Davis, [2015](#brb31494-bib-0032){ref-type="ref"}). The default mode network (DMN) is a crucial brain network composed of regions including the posterior cingulate cortex/precuneus (PCC/PCu), medial prefrontal cortex (mPFC), inferior parietal cortex, inferior temporal cortex, and hippocampal cortex (Buckner, Andrews‐Hanna, Andrews‐Hanna, & Schacter, [2008](#brb31494-bib-0006){ref-type="ref"}). The DMN typically exhibits more activity during rest than during task engagement (Raichle, [2015](#brb31494-bib-0047){ref-type="ref"}). DMN alterations have been reported in numerous neuropsychiatric diseases and chronic pain disorder (Baliki, Mansour, Mansour, Baria, & Apkarian, [2014](#brb31494-bib-0005){ref-type="ref"}; Farmer et al., [2011](#brb31494-bib-0018){ref-type="ref"}). Aberrant functional connectivity (FC) of the DMN may also contribute to spontaneous neuropathic pain (Cauda et al., [2009](#brb31494-bib-0009){ref-type="ref"}).

Resting‐state fMRI (rsfMRI) findings showed that acupuncture may modulate the FC of the brain (Chen et al., [2015](#brb31494-bib-0011){ref-type="ref"}; Jia et al., [2015](#brb31494-bib-0028){ref-type="ref"}; Shi et al., [2015](#brb31494-bib-0049){ref-type="ref"}). Acupuncture may achieve its therapeutic effect on knee osteoarthritis pain by modulating FC between the right frontoparietal network, executive control network (ECN), and descending pain modulatory pathway (Chen et al., [2015](#brb31494-bib-0011){ref-type="ref"}). In an acute experimental low back pain study, compared with the baseline, the pain state had higher regional homogeneity (ReHo) values in the pain matrix, limbic system, and DMN; acupuncture produced broad deactivation in the brain, including the limbic system, pain status, and DMN (Shi et al., [2015](#brb31494-bib-0049){ref-type="ref"}). The central pain relief mechanism of acupuncture is being increasingly elucidated in recent years. A meta‐analysis of 149 studies revealed greater deactivation in the subgenual anterior cingulate, subgenual cortex, amygdala/hippocampal formation, ventromedial PFC, nucleus accumbens, and PCC during acupuncture (Huang et al., [2012](#brb31494-bib-0024){ref-type="ref"}). A review article on brain FC network studies proposed that acupuncture effects may increase FC of DMN and sensorimotor network with pain, as well as affective and memory‐related brain regions (Cai, Shen, Shen, Wang, & Guan, [2018](#brb31494-bib-0008){ref-type="ref"}).

We hypothesized that if acupuncture therapy is effective for pain relief in nonacute/chronic sciatica, changes in the activity of a key network related to acupuncture modulation, such as the DMN, may be observed (Dhond, Yeh, Yeh, Park, Kettner, & Napadow, [2008](#brb31494-bib-0016){ref-type="ref"}). ReHo analysis is used to estimate the local coherence of spontaneous brain activity (Zang, Jiang, Jiang, Lu, He, & Tian, [2004](#brb31494-bib-0059){ref-type="ref"}). ReHo seed‐based FC analysis may bypass seed‐selection ambiguity and improve the sensitivity in detecting FC of the DMN or task‐positive network (Yan et al., [2013](#brb31494-bib-0057){ref-type="ref"}). Further, changes in ReHo can measure the local FC, which can be used to detect brain regions with abnormal local FC caused by lesions (Jiang & Zuo, [2016](#brb31494-bib-0029){ref-type="ref"}). In the present study, we performed seed‐based FC analysis based on the ReHo method to explore the activity patterns of the DMN in sciatica patients compared with healthy controls, and the central analgesic effect of acupuncture in treating chronic sciatica.

2. METHODS {#brb31494-sec-0006}
==========

2.1. Participants {#brb31494-sec-0007}
-----------------

Subjects who met the inclusive and diagnostic criteria were recruited for this study via the outpatient department. Twelve patients and 15 healthy people were recruited. Informed consent was obtained from all individual participants included in the study, and the study was approved by the Institutional Review Board of Taipei Veterans General Hospital.

All patients who met the following inclusion criteria were screened: (a) 35--85 years old, (b) low back or gluteal pain radiating into one leg, and (c) pain duration of at least 2 weeks. Exclusion criteria were (a) known or suspected serious spinal pathology (e.g., cauda equina syndrome or spinal fracture), (b) pregnant or breast‐feeding women, (c) scheduled or being considered for spinal surgery or interventional procedures for sciatica during the 8‐week treatment period, (d) administration of sedative or analgesic drugs within 24 hr before the fMRI scan, (e) comorbidities of systemic malignancy, bleeding tendency, rheumatic arthritis, and other known autoimmune diseases, (f) focal neurological deficits with progressive or disabling symptoms, (g) history of receiving acupuncture treatment in the past 1 month, (h) contraindications for acupuncture or MRI, (i) visual analog scale \<3, and (j) low back pain without sciatica.

In addition to inclusion and exclusion criteria, the patient\'s diagnosed sciatica met at least two of the following items: (a) radicular pain in the L4, L5, or S1 dermatome; (b) physical examination consistent with radicular pain, motor or sensory neurological findings, or decreased reflex in the L4, L5, or S1 nerve root distribution; (c) positive straight‐leg‐raising test; (d) increased leg pain on coughing, sneezing, or straining; and (e) MRI demonstrating a unilateral disk herniation impinging on the L4, L5, or S1 nerve root (Table [1](#brb31494-tbl-0001){ref-type="table"}).

###### 

Demographic data at baseline and after acupuncture modulation

  Characteristics      Before acupuncture (*n* = 12)   After acupuncture (*n* = 12)   *p*‐Value
  -------------------- ------------------------------- ------------------------------ ----------------------------------------------
  Gender (M/F)         6/6                             6/6                            ---
  Age (years)          61.42 ± 14.84                   ---                            ---
  Duration (months)    20.75 ± 16.44                   ---                            ---
  Side (right/left)    6/6                             ---                             
  VAS                  5.42 ± 1.83                     3.92 ± 1.83                    .032[\*](#brb31494-note-0003){ref-type="fn"}
  SBI                  11.83 ± 5.37                    9.42 ± 4.10                    .287
  RDQS                 10.75 ± 4.85                    7.17 ± 5.04                    .036[\*](#brb31494-note-0003){ref-type="fn"}
  WHOQOL‐BREF, total   53.19 ± 9.48                    52.68 ± 8.28                   .827
  Physical             12.68 ± 2.54                    13.34 ± 1.87                   .388
  Psychological        13.17 ± 2.55                    12.91 ± 2.07                   .651
  Social               13.58 ± 3.09                    12.83 ± 3.46                   .298
  Environmental        13.67 ± 2.61                    13.41 ± 1.92                   .660

Data are presented as mean ± *SD* and were compared using independent *t* test (continuous variables).

Abbreviations: RDQS, Roland Disability Questionnaire for Sciatica; SBI, Sciatica Bothersomeness Index; VAS, visual analog scale; WHOQOL‐BREF, the World Health Organization Quality of Life in the Brief Edition.

*p* \< .05; \*\**p* \< .01.
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2.2. Study design {#brb31494-sec-0008}
-----------------

A prospective observational study was performed. The study comprised two arms: an acupuncture group and a healthy control group. Prior to acupuncture treatment (week 0, baseline) and after 4 weeks of treatment (eight sessions), rsfMRI scans were obtained. The total observation period in this study was 4 weeks for each patient. All patients received brain fMRI and behavioral scales twice (at baseline and 4 weeks after acupuncture treatment). The healthy individuals received one fMRI and behavior scale only, without any intervention.

We reviewed previous acupuncture treatment for sciatica in MEDLINE (PubMed) since 1970 and selected acupoints that were effective for treatment (Liu & Chen, [2017](#brb31494-bib-0036){ref-type="ref"}). We chose to use a combined acupoint treatment strategy, considering that treatment using acupoint combinations may achieve a synergistic effect in the brain (Zhang et al., [2019](#brb31494-bib-0060){ref-type="ref"}, [2016](#brb31494-bib-0061){ref-type="ref"}). All patients with sciatica received either six or 18 acupoints of manual acupuncture. The six acupoints were Shenshu (BL 23), Huantiao (GB 30), Weizhong (BL 40), Yanglingquan (GB 34), Kunlun (BL 60), and Xuanzhong (GB 39). The eighteen acupoints were Shenshu (BL 23), Dachangshu (BL 25), Xiaochangshu (BL 27), Huantiao (GB 30), Yinmen (BL 37), Zhibian (BL 54), Chengfu (BL 36), Fengshi (GB 31), Weizhong (BL 40), Zusanli (ST 36), Yanglingquan (GB 34), Yinlingquan (SP 9), Feiyang (BL 58), Sanyinjiao (SP 6), Xuanzhong (GB 39), Kunlun (BL 60), Taixi (KI 3), and Shenmai (BL 62). The acupoints selected were primarily in the BL and GB meridians, plus the governing vessels and KI meridians, which may nourish the patient\'s *qi*, based on the theory of Traditional Chinese Medicine (Qin, Liu, Liu, Wu, Zhai, & Liu, [2015](#brb31494-bib-0046){ref-type="ref"}).

2.3. Intervention {#brb31494-sec-0009}
-----------------

The assessment of sciatica was conducted by a neurologist with 20 years of experience in neurology. Acupuncture treatment was administered by a qualified acupuncturist who has been practicing in the Department of Traditional Chinese Medicine for over 15 years.

Sterile, disposable, 0.3 × 40 mm or 0.35 × 50 mm (diameter × length) stainless steel needles (Ching Ming Medical Device Co) were used. Needles were only used once and were generally inserted to a depth of 5--30 mm, depending on the acupuncture point. Insertion was followed by manual stimulation to elicit the "de qi" sensation. Needles were retained in position for 20 min of acupuncture treatment. The acupuncture treatment was provided twice weekly for 4 weeks in both groups (i.e., eight treatments in total).

2.4. Clinical outcome measures {#brb31494-sec-0010}
------------------------------

The primary outcome was the 100‐mm visual analog scale (VAS) for sciatica, measured at baseline and week 4. The pain scores ranged from 0 to 10; higher values represented worse outcomes. The patients were asked to rate their average leg pain over the last 24 hr with 0 representing "no leg pain" and 10 representing the "worst pain imaginable" (Collins, Moore, Moore, & McQuay, [1997](#brb31494-bib-0013){ref-type="ref"}; Huskisson, [1974](#brb31494-bib-0027){ref-type="ref"}).

The major secondary outcome was the Roland Disability Questionnaire for Sciatica (RDQS; Kim, Guilfoyle, Seeley, & Laing, [2010](#brb31494-bib-0030){ref-type="ref"}; Roland & Morris, [1983](#brb31494-bib-0048){ref-type="ref"}) measured at baseline and week 4 to assess functional disability (score 0: no disability; score 24: most disability); higher values represent worse outcomes. Sciatica Bothersomeness Index (SBI) was introduced to rate leg pain, as well as other bothersome symptoms such as paresthesia and weakness (score 0: not bothersome; score 24: extremely bothersome). Higher symptom scores were associated with higher emotional distress and lower physical function (Grovle et al., [2010](#brb31494-bib-0021){ref-type="ref"}; Grovle, Haugen, Haugen, Natvig, Brox, & Grotle, [2013](#brb31494-bib-0022){ref-type="ref"}). Further, the World Health Organization Quality of Life in the Brief Edition (WHOQOL‐BREF) was scored at baseline and week 4 for evaluating medical outcomes and quality of life; higher scores indicate better quality of life. There were four subscales: (a) physical health, score 4--20; (b) psychological, score 4--20; (c) social relationships, score 4--20; and (d) environment, score 4--20. The total score had a minimum of 8 and maximum of 80; higher values represent better outcomes (Yao & Wu, [2005](#brb31494-bib-0058){ref-type="ref"}).

2.5. Image acquisition {#brb31494-sec-0011}
----------------------

Resting‐state fMRI scans were obtained from each group at baseline and after 4 weeks of treatment to detect the regional features of spontaneous brain activity. Resting‐state fMRI was performed with a 3.0‐Tesla scanner (Discovery MR750; GE Healthcare) and 12‐channel head coil. Echo‐planar imaging was used for the rsfMRI scans (repetition number = 200 for conventional echo‐planar imaging; dummy scan = 5; repetition time/echo time = 2,000/30 ms; flip angle = 90°; matrix size = 64 × 64 × 40; and slice number = 40, slice thickness 3 mm, and field of view = 230 × 230 mm^2^). With eye fixation after correction of visual acuity, the baseline study of resting brain was obtained with (a) 5‐min sensory deprivation after explaining the resting condition to subjects and (b) subject\'s response at the end of the scan, verifying their state of consciousness. An online real‐time analysis of head motion, using the methods modified from Analysis of Functional Neuroimaging (NIMH), ensured the quality of fMRI images with head translation \<1 mm and head rotation \<0.5° within each session. Studies of head motion exceeding the motion criteria were repeated or rejected from data analysis. Structural MRI studies included (1) 3D magnetization‐preparation T1‐weighted structural image (repetition time/echo time/inversion time = 8.2/3.2/450 ms, flip angle = 12°, matrix size = 256 × 256 × 176, field of view = 230 × 230 mm^2^, voxel size = 0.9 × 0.9 × 0.9 mm^3^). The total scan time of the rsfMRI was approximately 13 min. Head cushions and earplugs were provided to reduce head motion and noise. During the fMRI examination, the patient\'s vital signs such as heart rate, O~2~ saturation, and respiratory rate were monitored and recorded.

2.6. Analysis of resting‐state functional MRI data {#brb31494-sec-0012}
--------------------------------------------------

### 2.6.1. Image preprocessing {#brb31494-sec-0013}

Preprocessing was performed using the Data Processing Assistant for Resting‐State fMRI V2.3 basic edition (State Key Laboratory of Cognitive Neuroscience and Learning, Beijing Normal University, China; Chao‐Gan & Yu‐Feng, [2010](#brb31494-bib-0010){ref-type="ref"}) with Statistical Parametrical Mapping 8 (SPM8; Wellcome Trust Center for Neuroimaging, University College London, London, UK) in MATLAB 2014a (The MathWorks, Inc.). Functional image data were corrected for any head movements using SPM‐realign, a linear transformation procedure. We coregistered structural data with SPM coregister and normalized it to the Montreal Neurological Institute (MNI) space using a standard MNI template (SPM‐normalize) and then smoothed it with SPM‐smooth methods.

### 2.6.2. Imaging postprocessing: ReHo analysis {#brb31494-sec-0014}

ReHo was used for data‐driven and regions of interest as seed‐base analysis. ReHo maps were created by the following analysis (Zang et al., [2004](#brb31494-bib-0059){ref-type="ref"}): The resulting time series in each voxel was then linearly detrended and band‐pass‐filtered (0.01--0.08 Hz) to extract the low‐frequency oscillations. The following nuisance variables were regressed out: (a) the six head movement parameters computed based on rigid body translation and rotation during the realignment in SPM8; (b) the mean signal within the lateral ventricles of cerebrospinal fluid; and (c) the mean signal within a deep white matter region (centrum ovale). Brain activity was activated in clusters or contiguous voxels. ReHo maps were generated by calculating Kendall\'s coefficient of concordance of the time series between a given voxel with its nearest neighbors (26 voxels) in a voxel‐wise manner. The ReHo maps were spatially smoothed using a 3D Gaussian kernel of 8 mm full‐width at half‐maximum. For standardization purposes, each individual subject\'s ReHo map was divided by its own global mean. The peaks of significant clusters were then selected as the ReHo‐based seeds.

### 2.6.3. Functional connectivity analysis of ReHo‐based seeds {#brb31494-sec-0015}

The preprocessing of the FC analysis protocol was the same as that of the ReHo analysis, except that the images were (a) coregistered to individuals\' anatomical image and then normalized to the standard T1 MNI template; (b) spatially smoothed using a 3D Gaussian kernel of 8 mm full‐width at half‐maximum; and (c) treated with the global mean signal for additional nuisance variables. Because the global signal regression may cause a negative shift in the distribution of correlations (Fox, Zhang, Zhang, Snyder, & Raichle, [2009](#brb31494-bib-0019){ref-type="ref"}; Murphy, Birn, Birn, Handwerker, Jones, & Bandettini, [2009](#brb31494-bib-0041){ref-type="ref"}), a positive mask was implemented to address positive connectivity only. The seeded regions that were selected for FC analysis were those wherein the ReHo significantly differed in the between‐group (compared with controls) and within‐group (before and after treatment) comparisons. The mean time‐series activity was extracted within the 3‐mm‐radius spherical ReHo‐seeded regions. The individual FC maps were computed by Pearson\'s correlation coefficient (*r*) between the seeds and the related brain regions. After calculating the correlation between the reference time course and the time course of each voxel in the brain, *r*‐values were converted into *z*‐values using Fisher\'s *r*‐to‐*z* transformation to normalize the distribution. The FC was considered significant if the family‐wise error level was *p* \< .05 at the voxel level.

2.7. Statistical analysis {#brb31494-sec-0016}
-------------------------

### 2.7.1. Demographic and behavior data {#brb31494-sec-0017}

SPSS statistical package program (version 19.0; SPSS Inc.) was used. The significance level used for the statistical analysis with two‐tailed testing was 5%. Continuous variables were presented as means ± standard deviation with 95% confidence intervals (CI). Categorical variables were described as *n* (%). Treatment effects such as 100 mm VAS, SBI, RDQS, and WHOQOL‐BREF, measured at baseline and week 4, were evaluated using a paired *t* test for within‐group analysis.

### 2.7.2. Image data: ReHo and ReHo‐seeded FC {#brb31494-sec-0018}

One‐sample *t* tests were performed to derive group maps of FC (ReHo‐seeded FC), paired *t* tests were performed to compare the changes in FC before and after acupuncture in patients with sciatica, and independent‐sample *t* tests were performed to compare changes in FC in the patients with sciatica and healthy controls. A cluster‐corrected *p* \< .05 (family‐wise error correction) level was used as the threshold for statistical significance.

### 2.7.3. Correlation analyses {#brb31494-sec-0019}

Between ReHo‐seeded FC and behavior, data were analyzed using a one‐sample *t* test to examine the correlation between behavior inventories (VAS, SBI, and RDQS) and baseline in patients with sciatica. Two‐sample *t* tests were conducted to determine the correlation between behavior inventories and ReHo‐seeded FC in the acupuncture group for the condition of before and after treatment, respectively. Significance was set at the uncorrected voxel level *p* \< .005, followed by the family‐wise error‐corrected cluster level *p* \< .05.

3. RESULTS {#brb31494-sec-0020}
==========

3.1. Baseline information and demographic data {#brb31494-sec-0021}
----------------------------------------------

Twelve patients (six male) completed the study. Each patient received two fMRI scans (one at baseline and one after eight sessions of acupuncture at 4 weeks). The average ages of patients were 61.42 ± 14.84 years. The mean disease duration was 20.75 ± 16.44 months. Six patients had right sciatica, and six patients had left sciatica. The mean VAS, SBI, RDQS, and total WHOQOL‐BREF at baseline were 5.42 ± 1.83, 11.83 ± 5.37, 10.75 ± 4.85, and 53.19 ± 9.48, respectively (Table [1](#brb31494-tbl-0001){ref-type="table"}).

3.2. Measurements of pain and quality of life {#brb31494-sec-0022}
---------------------------------------------

There were significant differences between before and after acupuncture treatment with regard to VAS and RDQS (*p* = .032 and .036, respectively). However, there were nonsignificant changes observed in SBI and WHOQOL‐BREF after acupuncture treatment (Table [1](#brb31494-tbl-0001){ref-type="table"} and Figure [1](#brb31494-fig-0001){ref-type="fig"}).

![Behavior scales before and after acupuncture treatment. Acup, acupuncture; RDQS, Roland Disability Questionnaire for Sciatica; SBI, Sciatica Bothersomeness Index; VAS, visual analog scale. \**p* \< .05](BRB3-10-e01494-g001){#brb31494-fig-0001}

3.3. Intra‐ and interregional connectivity of ReHo {#brb31494-sec-0023}
--------------------------------------------------

For the major effect of pain for sciatica, between‐group comparison of the pretreated sciatica group and the healthy controls exhibited greater ReHo alternation in the left PCC. For the effect of treatment (within‐group analysis), there was a greater ReHo alteration (Sciatica~pretreatment~ − Sciatica~post‐treatment~) in the coordinate (3, −54, 21; BA 23), which is in the region of the PCC/PCu, according to the MNI template. Compared with healthy controls, patients after acupuncture treatment had increased ReHo alternation in the right precentral gyri (BA 4; Table [2](#brb31494-tbl-0002){ref-type="table"} and Figure [2](#brb31494-fig-0002){ref-type="fig"}).

###### 

Comparison of groups: Between‐ and within‐group differences in regional homogeneity

  Contrast                              Region            BA   Size   *t* score   Coordinate         
  ------------------------------------- ----------------- ---- ------ ----------- ------------ ----- ----
  Effect of sciatica (between groups)                                                                
  HC \> Pretreat                        NS                                                            
  Pretreat \> HC                        PCC               23   450    9.94        −9           −42   30
  Effect of treatment                                                                                
  Between groups                                                                                     
  Post‐treat \> HC                      Precentral gyri   4    193    7.66        24           −21   51
  HC \> Post‐treat                      NS                                                            
  Within groups                                                                                      
  Pretreat \> Post‐treat                PCC/PCu           23   381    5.21        3            −54   21
  Post‐treat \> Pretreat                NS                                                            

Peak coordinates refer to Montreal Neurological Institute space. Significance was set at the uncorrected voxel level *p* = .005, followed by the family‐wise error‐corrected cluster level *p* = .05.

Abbreviations: BA, Brodmann area; HC, healthy control group; NS, nonsignificant; PCC, posterior cingulate cortex; Post‐treat, group with sciatica after an acupuncture treatment; Pretreat, group with sciatica before acupuncture treatment.
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![Statistic maps in ReHo analysis of between‐group and between‐phase comparisons. (a) Comparison of patient groups between the pretreated and post‐treated phases. Comparison of the post‐treated sciatica group with the healthy group, showing ReHo in PCC (b) and right precentral gyrus (marked with yellow circle) (c). HC, healthy control; PCC, posterior cingulate cortex; Post‐treated, patients with sciatica after acupuncture treatment; PreCG, precentral gyrus; Pretreated, patients with sciatica before acupuncture treatment; ReHo, regional homogeneity. \*Significant differences in between‐phase comparisons, *\*\*p* \< .01](BRB3-10-e01494-g002){#brb31494-fig-0002}

3.4. Interregional FC {#brb31494-sec-0024}
---------------------

We used ReHo results of PCC (*x* = 3, *y* = −54, *z* = 21) as a region of interest (ROI) to examine changes in PCC‐seeded interregional FC. The PCC‐seeded FC exhibited a characteristic DMN pattern of FC in the sciatica and healthy groups (Figure [3](#brb31494-fig-0003){ref-type="fig"}a,b). The patterns of DMN and its anticorrelation were visibly different in sciatica patients before and after acupuncture. In addition, the pattern of DMN in the sciatica group with acupuncture treatment was closer to the pattern of the healthy group. When between‐group PCC‐seeded FC maps were compared, there was no significant difference found between the pretreatment sciatica group and the healthy controls. However, after acupuncture treatment, compared to the controls, the sciatica group exhibited hyperconnectivity between PCC‐seeded FC with bilateral insula, bilateral inferior parietal lobules, bilateral cerebellum, right orbitofrontal cortex (OFC, BA 10), and left dorsal anterior cingulate cortex (dACC, BA 32) and exhibited hypoconnectivity between PCC‐seeded FC and left PCu, dmPFC, and cerebellum. In the within‐group analysis, patients in the pre‐acupuncture phase exhibited hyperconnectivity between PCC‐seeded FC and the PCC itself (BA 23; Table [3](#brb31494-tbl-0003){ref-type="table"} and Figure [3](#brb31494-fig-0003){ref-type="fig"}).

![PCC‐seeded FC patterns in the sciatica and healthy groups. DMN of the sciatica group in the pretreated phase (a), post‐treated phase (b) and healthy group (c). Hypoconnectivity between PCC‐seeded FC and left PCu, dmPFC, and cerebellum of the sciatica group after an acupuncture treatment, compared with controls (d, e). Hyperconnectivity with bilateral insula (Ins, marked with a yellow circle in the right), right OFC (f), bilateral IPL (marked with a yellow circle in the right) (g), left dACC (h), and bilateral cerebellum (i). dACC, dorsal anterior cingulate cortex; DMN, default mode network; dmPFC, dorsomedial prefrontal cortex; FC, functional connectivity; Ins, insula; IPL, inferior parietal lobe; OFC, orbitofrontal cortex; PCC, posterior cingulate cortex; PCu, precuneus](BRB3-10-e01494-g003){#brb31494-fig-0003}

###### 

Analysis of effects of between‐group and within‐group differences in regional homogeneity (ReHo) seed‐based functional connectivity

  Contrast                              Region          BA    Size    *t* score   Coordinate         
  ------------------------------------- --------------- ----- ------- ----------- ------------ ----- -----
  Right ReHo seed (3,−54,21)                                                                         
  Effect of sciatica (between groups)                                                                
  HC \> AC pre                          NS              ---   ---     ---         ---          ---   ---
  AC pre \> HC                          NS                                                            
  Effect of acupuncture treatment                                                                    
  Between groups                                                                                     
  AC post \> HC                         Insula, right   13    672     7.33        39           12    3
  Insula, left                          13              604   6.56    −51         6            3     
  OFC, right                            10              268   5.27    30          51           6     
  IPL, left                             40              301   6.34    −54         −42          39    
  IPL, right                            40              217   6.18    48          −33          33    
  dACC                                  32              318   5.07    12          15           36    
  Cerebellum, fusiform, R               ---             165   5.83    39          −57          −21   
  Cerebellum, fusiform, L               ---             486   5.07    −33         −66          −18   
  AC post \< HC                         PCu, left       31    1,247   10.56       −3           −60   21
  dmPFC, left‐                          9               763   5.00    −15         54           39    
  Cerebellum, tonsil                    ---             222   5.53    6           −54          −48   
  Within groups                                                                                      
  AC pre \> AC post                     PCC/PCu, left   23    234     5.69        0            −30   27
  AC post \> AC pre                     NS              ---                                           

Peak coordinates refer to Montreal Neurological Institute space. The significance threshold was set at the uncorrected voxel level *p* = .005, followed by the family‐wise error‐corrected cluster level *p* = .05.

Abbreviations: AC, group of sciatica with acupuncture; dACC, dorsal anterior circulate cortex; dmPFC, dorsomedial prefrontal cortex; HC, group of healthy controls; IPL, inferior parietal lobule; NS, nonsignificant; OFC, orbitofrontal cortex; PCC, posterior cingulate cortex; PCu, precuneus; post, post‐treatment; pre, pretreatment.
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3.5. Correlation analysis between the FC map and behavior measurements {#brb31494-sec-0025}
----------------------------------------------------------------------

The PCC‐seeded FC was positively correlated with pain duration in the right inferior parietal lobule (IPL) (BA 40; \[39, −60, 39\]) at baseline (Figure [4](#brb31494-fig-0004){ref-type="fig"}). However, PCC‐seeded FC was not significantly correlated with other behavior scores at baseline. After acupuncture treatment, there was no significant correlation between PCC‐FC and any behavior scales.

![Correlation between the posterior cingulate cortex (PCC)‐seeded functional connectivity (FC) and behaviors in different conditions of sciatica patients](BRB3-10-e01494-g004){#brb31494-fig-0004}

4. DISCUSSION {#brb31494-sec-0026}
=============

This preliminary study assessed the clinical effect of acupuncture in treating sciatica and proposed whether acupuncture targeted certain regions of the brain in nonacute/chronic sciatica patients. Through our study, acupuncture may achieve pain relief and resolve disability in patients with sciatica. Seed‐based FC derived from ReHo‐contrast analysis may provide a clue for understanding the central mechanism of acupuncture modulation. We demonstrated that PCC/PCu was a pivotal hub in sciatica treatment with acupuncture. Furthermore, using PCC as an ROI for seed‐based FC whole‐brain analysis, we observed that DMN may play a crucial role in the central analgesic effect of acupuncture. The changes of PCC‐seeded DMN through acupuncture modulation were mainly located in pain‐processing regions such as the bilateral insula, cerebellum, IPL, right mPFC, and dACC. In ReHo, whole‐brain analysis revealed that the precentral gyrus was related to acupuncture modulation. Finally, correlation analysis between PCC‐seeded FC and behavior measurements revealed a positive association with the duration of sciatica in the right IPL prior to acupuncture treatment.

The present findings demonstrate that the nonacute/chronic sciatica group had greater PCC ReHo values than did the healthy control and postacupuncture groups. Higher ReHo values have been reported in several areas of the pain‐related brain network (Shi et al., [2015](#brb31494-bib-0049){ref-type="ref"}; Zhao et al., [2013](#brb31494-bib-0062){ref-type="ref"}). The PCC in the pain network is altered in chronic pain (Hemington, Wu, Kucyi, Inman, & Davis, [2016](#brb31494-bib-0023){ref-type="ref"}; Loggia et al., [2013](#brb31494-bib-0037){ref-type="ref"}). The first study of acupuncture on the DMN of healthy individuals indicated that the immediate effect of acupuncture may increase FC of the DMN to pain and affective memory‐related regions of the brain (Dhond et al., [2008](#brb31494-bib-0016){ref-type="ref"}). Our findings further addressed that the PCC/PCu was not only an important hub in the DMN and the relevant pain network, but also played a role in the central effect of repeated acupuncture in treating sciatica. In addition, compared with the healthy group, the postacupuncture sciatica group had significantly higher ReHo in the right precentral gyrus. This result is consistent with a previous meta‐analysis study that reported that verum acupuncture stimuli may affect the precentral gyrus relative to resting conditions (Huang et al., [2012](#brb31494-bib-0024){ref-type="ref"}). The findings are also consistent with a prior migraine study that reported the precentral gyrus FC of migraine patients was significantly increased after acupuncture treatment (Li et al., [2015](#brb31494-bib-0035){ref-type="ref"}). These results suggest that acupuncture may engage in descending pain modulatory systems (DPMS) and the DMN for central analgesia.

Furthermore, we selected PCC based on the contrast of the ReHo map as a ROI to examine the effect of acupuncture analgesia on the DMN. The PCC/PCu plays a crucial role in the DMN (Fransson & Marrelec, [2008](#brb31494-bib-0020){ref-type="ref"}). Our results further emphasize that the PCC/PCu is also a key brain region for acupuncture‐treated nonacute/chronic sciatica. The DMN is associated with self‐processing, attention, and memory (Buckner et al., [2008](#brb31494-bib-0006){ref-type="ref"}, [2005](#brb31494-bib-0007){ref-type="ref"}; Spreng & Grady, [2010](#brb31494-bib-0050){ref-type="ref"}) and contributes to acute and chronic pain (Alshelh et al., [2018](#brb31494-bib-0001){ref-type="ref"}). However, the exact effects of acupuncture on the DMN for pain relief are unclear. Disruption of the resting state of the DMN in PCC‐FC in the precuneus region has recently been reported in patients with chronic orofacial neuropathic pain (Alshelh et al., [2018](#brb31494-bib-0001){ref-type="ref"}). In the present study, there was greater PCC/PCu FC in the sciatica group prior to acupuncture treatment compared to after acupuncture treatment (Figure [3](#brb31494-fig-0003){ref-type="fig"}a,b). In addition, compared with the controls, the acupuncture‐treated sciatica group exhibited hyperconnectivity of PCC‐FC in the bilateral insula, bilateral IPL, bilateral cerebellum, right OFC, and left dACC (Figure [3](#brb31494-fig-0003){ref-type="fig"}h,i). The changes in resting‐state FC after acupuncture modulation shed light on the central analgesic effect of acupuncture and indicate that these effects may target the DMN and strengthen its connection to pain‐processing areas. An earlier study regarding FC and acupuncture reported that manual acupuncture may reduce activity in pain‐processing regions of the brain in a healthy population during nociceptive stimulation (Hui et al., [2000](#brb31494-bib-0025){ref-type="ref"}). A rsfMRI study revealed that the baseline of patients with chronic lower back pain demonstrated greater DMN connectivity to the ACC, left IPL, and right insula, and FC of DMN‐right insula may positively correlate with clinical pain (Loggia et al., [2013](#brb31494-bib-0037){ref-type="ref"}). The above regions are consistent with the brain areas affected by acupuncture that were identified in our study. In addition to bilateral insula and bilateral IPL, the patients receiving acupuncture had greater PCC‐seeded FC to the right OFC and dACC, implicating that the analgesic effect of acupuncture may involve emotion, cognition, and reward circuits of the brain (Kringelbach, [2005](#brb31494-bib-0031){ref-type="ref"}; Navratilova & Porreca, [2014](#brb31494-bib-0043){ref-type="ref"}; Stevens, Hurley, Hurley, & Taber, [2011](#brb31494-bib-0051){ref-type="ref"}). Stronger interregional FC between DMN and mPFC was observed in primary dysmenorrhea and migraine patients compared to controls (Coppola et al., [2018](#brb31494-bib-0014){ref-type="ref"}; Wu et al., [2016](#brb31494-bib-0055){ref-type="ref"}). Similar findings were observed in our study based on visual inspection (Figure [3](#brb31494-fig-0003){ref-type="fig"}a). Patients receiving acupuncture treatment had hypoconnectivity of the PCC‐FC to right dmPFC (substrate of ECN network), suggesting that acupuncture could seemingly disintegrate the maladaptive FC between DMN and ECN network for central analgesia through the DPMS (Chen, Spaeth, Spaeth, Retzepi, Ott, & Kong, [2014](#brb31494-bib-0012){ref-type="ref"}), alleviating pain rumination (Kucyi et al., [2014](#brb31494-bib-0033){ref-type="ref"}; Figure [3](#brb31494-fig-0003){ref-type="fig"}b,d,e).

The DMN may be reorganized by chronic pain and exhibits maladaptive connectivity in different types of chronic pain (Baliki et al., [2014](#brb31494-bib-0005){ref-type="ref"}). In addition, the cross‐network interaction between the DMN and salience network has been observed in chronic pain. Patients with chronic pain showed less anticorrelated FC between the DMN and salience network compared with that of healthy controls (Hemington et al., [2016](#brb31494-bib-0023){ref-type="ref"}). In the present study, the anticorrelation of PCC‐seeded DMN in sciatica patients of pre‐acupuncture was not significantly different than that of healthy controls (Figure [3](#brb31494-fig-0003){ref-type="fig"}a,c). However, acupuncture‐treated patients demonstrated global deactivation in the DMN and activation of its anticorrelation (Figure [3](#brb31494-fig-0003){ref-type="fig"}b), which is consistent with the results from a task fMRI study demonstrating that acupuncture may mobilize the brain\'s default mode and its anticorrelated network in healthy controls (Hui et al., [2009](#brb31494-bib-0026){ref-type="ref"}). Furthermore, correlation analysis revealed that the PCC‐FC of patients with nonacute sciatica was positively correlated with pain duration in the IPL. This result is similar to previous research on pain scores in chronic pain patients with ankylosing spondylitis which were positively correlated with PCC‐FC with the right temporal junction (Hemington et al., [2016](#brb31494-bib-0023){ref-type="ref"}). Collectively, these findings suggest that disrupted DMN--salience network cross‐network connectivity is a major functional aberration in chronic sciatica patients.

There are several limitations to the current study. First, the number of subjects recruited was relatively small, and there was nonsignificant improvement in the quality of life. However, despite the small number of the patients, those treated with acupuncture obtained significantly improved pain relief and decreased disability due to sciatica. Second, we cannot exclude the possibility of a natural course of the disease of the patients. Nevertheless, all twelve patients have received contemporary Western medicine but did not attain a satisfactory therapeutic effect. Furthermore, even sham needles have a placebo effect (Lund, Naslund, Naslund, & Lundeberg, [2009](#brb31494-bib-0039){ref-type="ref"}). The therapeutic effects of acupuncture continue over time and cannot be elucidated only in terms of placebo effects (Egorova, Gollub, Gollub, & Kong, [2015](#brb31494-bib-0017){ref-type="ref"}; Vickers et al., [2018](#brb31494-bib-0053){ref-type="ref"}). We wanted to observe the modulated effect of acupuncture in sciatica treatment; therefore, there was no sham acupuncture group in the present study. Nonetheless, we would like to refine the study design to include a nonacupoint acupuncture group to complete the main trial.

5. CONCLUSIONS {#brb31494-sec-0027}
==============

In summary, the present study suggests that acupuncture treatment may relieve pain in sciatica patients and normalize its modulation in the relevant brain areas, especially the DMN and DPMS. The endophenotypic changes in brain FC based on acupuncture modulation may provide clues to understand the mechanisms underlying the analgesic effects of acupuncture on chronic pain. Acupuncture may promote robustness in the system (Xu et al., [2018](#brb31494-bib-0056){ref-type="ref"}) and normalize the disrupted cross‐network connectivity in chronic pain patients, which could be a useful treatment strategy. More comprehensive, larger‐scale, and randomized controlled studies are necessary to verify these effects.
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